We report the detection of 3 new extrasolar planets from the precise Doppler survey of G and K giants at Okayama Astrophysical Observatory. The host stars, namely, 18 Del (G6 III), ξ Aql (K0 III) and HD 81688 (K0 III-IV), are located at the clump region on the HR diagram with estimated masses of 2.1 − 2.3M ⊙ . 18 Del b has a minimum mass of 10.3M J and resides in a nearly circular orbit with period of 993 days, which is the longest one ever discovered around evolved stars. ξ Aql b and HD 81688 b have minimum masses of 2.8 and 2.7 M J , and reside in 1 nearly circular orbits with periods of 137 and 184 days, respectively, which are the shortest ones among planets around evolved stars. All of the substellar companions ever discovered around possible intermediate-mass (1.7 − 3.9M ⊙ ) clump giants have semimajor axes larger than 0.68 AU, suggesting the lack of short-period planets. Our numerical calculations suggest that Jupiter-mass planets within about 0.5 AU (even up to 1 AU depending on the metallicity and adopted models) around 2-3M ⊙ stars could be engulfed by the central stars at the tip of RGB due to tidal torque from the central stars. Assuming that most of the clump giants are post-RGB stars, we can not distinguish whether the lack of short-period planets is primordial or due to engulfment by central stars. Deriving reliable mass and evolutionary status for evolved stars is highly required for further investigation of formation and evolution of planetary systems around intermediate-mass stars.
Introduction
Ongoing Doppler planet searches have discovered more than 200 extrasolar planets with various characteristics.
1 Most of them are quite different from those in our solar-system: the planets have minimum masses of 5 M ⊕ -15 M J and are distributed in the range of orbital radii from 0.02 to 6 AU with orbital eccentricities of 0-0.9 (e.g. Butler et al. 2006) . Distribution and correlation between these parameters are now used to calibrate planet formation theories by comparing with predictions from numerical simulations taking account of key processes of planet formation such as migration, disk lifetime, and variation of disk mass (Ida & Lin 2004; Alibert et al. 2005) . Properties of host stars also play an important role to constrain planet formation mechanisms. For example, frequency of planets is well correlated with metallicity of the host stars: metal-rich stars tend to harbor more planets than metal-poor ones do (Fischer & Valenti 2005; Santos et al. 2005) , which supports the core-accretion scenario for the mechanism of giant planet formation. The host stars' mass can be another essential parameter. Recently, Johnson et al. (2007a) showed that frequency of planets around stars with 1.3 ≤ M/M ⊙ < 1.9 is as high as about 9%, compared to about 4% for solar-mass (0.7 ≤ M/M ⊙ < 1.3) stars and about 2% for low-mass (< 0.7M ⊙ ) K-M stars. It suggests that giant planets are more abundant in more massive stars probably because of their larger surface density of dust in proto-planetary disks (Ida & Lin 2005; Laughlin et al. 2004 ). However, in higher-mass stars such as B-A dwarfs (≥ 2M ⊙ ), the shorter lifetime of the disk and the paucity of solid materials close to the central 1 See, e.g., tables at http://www.ciw.edu/boss/planets.html; http://exoplanet.eu/ star could reduce the abundance of giant planets as a whole. The frequency of planets around such massive stars has not been established yet.
Doppler planet searches around intermediate-mass (≥ 1.6M ⊙ ) stars have gradually expanded during these five years. Since massive stars on the main-sequence (early-type stars) are unsuitable for precise radial velocity measurements due to few absorption lines in their spectra, which are often rotationally broadened, major teams have targeted cool and slowly-rotating G and K giants and subgiants, that is, massive stars in evolved stages Sato et al. 2003 Sato et al. , 2007 Hatzes et al. 2005; Johnson et al. 2007b; Liu et al. 2007) . They have succeeded in discovering 12 substellar companions so far around stars with masses of 1.6-3.9M ⊙ including clump giants and subgiants, and about a half of the host stars have masses greater than 2M ⊙ . Although the number of planets is still small, the planets begin to show different properties from those around low-mass stars: high frequency of massive planets , lack of inner planets (Johnson et al. 2007b) , and low metallicity of host stars ). These properties must reflect the history of formation and evolution of planetary systems, which are not necessarily the same as those for solar-type stars. Planets around low-mass (< 1.6M ⊙ ) giants have been also discovered from precise radial velocity surveys Setiawan et al. 2003; Hatzes et al. 2003; Döllinger et al. 2007 ). Comparing orbital distribution of the planets with those around low-mass dwarfs can give insight into understanding of evolution of planetary systems.
In this paper, we report on the detection of 3 new extrasolar planets around intermediatemass G and K giants (18 Del, ξ Aql, HD 81688) from the Okayama Planet Search Program . We also update orbital parameters of HD 104985 b, the first planet discovered around G giants from our survey , by using the data collected during the past six years. Based on the extended sample, we discuss orbital properties of planets around evolved stars taking account of evolution of central stars.
Observations
Since 2001, we have been conducting a precise Doppler survey of about 300 G and K giants ) using a 1.88 m telescope, the HIgh Dispersion Echelle Spectrograph (HIDES; Izumiura 1999), and an iodine absorption cell (I 2 cell; Kambe et al. 2002) at Okayama Astrophysical Observatory (OAO). For precise radial velocity measurements, we set a wavelength range to 5000-6100Å, in which many deep and sharp I 2 lines exist, and a slit width to 200 µm (0.76 ′′ ) giving a spectral resolution (R = λ/∆λ) of 67000 by about 3.3 pixels sampling. We can typically obtain a signal-to-noise ratio S/N > ∼ 200 pix −1 for a V ≤ 6 star with an exposure time shorter than 30 min. We have achieved a Doppler precision of about 6 m s −1 over a time span of 6 years using our own analysis software for modeling an I 2 -superposed stellar spectrum (Sato et al. 2002 .
For abundance analysis, we take a pure (I 2 -free) stellar spectrum with the same wave-length range and spectral resolution as those for radial velocity measurements. We also take a spectrum covering Ca II H K lines in order to check the chromospheric activity (not simultaneously obtained with the radial velocity data) for stars showing large radial velocity variations. In this case, we set the wavelength range to 3800-4500Å and the slit width to 250 µm giving a wavelength resolution of 50000. We can typically obtain S/N≃20 pix −1 at the Ca II H K line cores for a B = 6 star with a 30 min exposure. The reduction of echelle data (i.e. bias subtraction, flat-fielding, scattered-light subtraction, and spectrum extraction) is performed using the IRAF 2 software package in the standard way.
3. Stellar Properties, Radial Velocities, and Orbital Solutions
18 Del
18 Del (HR 8030, HD 199665, HIP 103527 ) is listed in the Hipparcos catalog (ESA 1997) as a G6 III: giant star with a V magnitude V = 5.51, a color index B − V = 0.934, and the Hipparcos parallax π = 13.68 ± 0.70 mas, corresponding to a distance of 73.1±3.7 pc and an absolute magnitude M V = 1.15 taking account of correction of interstellar extinction A V = 0.04 based on the Arenou et al's (1992) table. Hipparcos made a total of 175 observations of the star, revealing a photometric stability down to σ = 0.007 mag. Figure 1 shows a Ca II H line for the star obtained with HIDES revealing slight core reversal in the line. X-ray luminosity for the star was derived to L X = 3.3 × 10 29 erg s −1 from the ROSAT measurements (Hünsch et al. 1998) , suggesting that the star is slightly chromospherically active. However, the reversal is not significant compared to those in other chromospherically active stars in our sample such as HD 120048 (Figure 1) , which shows velocity scatter of about 30 m s −1 . Thus, although the correlation between chromospheric activity and intrinsic radial velocity "jitter" for giants have not been well established yet, the jitter of 18 Del is probably expected to be no larger than that of HD 120048. Further discussions are presented in Section 4.
The atmospheric parameters and the Fe abundance of the star were determined based on the spectroscopic approach using the equivalent widths of well-behaved Fe I and Fe II lines (cf. Takeda et al. 2002 for a detailed description of this method). We obtained T eff = 4979 K, log g = 2.82 cm s −2 , v t = 1.22 km s −1 , and [Fe/H] = −0.05 for the star. The bolometric correction was estimated to B.C. = −0.39 based on the Kurucz (1993)'s theoretical calculation. With use of these parameters and theoretical evolutionary tracks of Lejeune & Schaerer (2001) , we derived the fundamental stellar parameters, L = 40L ⊙ , R = 8.5R ⊙ , and M = 2.3M ⊙ , as summarized in Table 1 . The procedure described here is the same as that adopted in Takeda et al. (2005) (see subsection 3.2 of Takeda et al. (2005) involved in the stellar parameters). The position of the star on the HR diagram is shown in Figure 2 together with other planet-harboring stars in this paper. da Silva et al. (2006) obtained 2.13 ± 0.13 M ⊙ for the mass of the star based on T eff = 5089 ± 70 K, log g = 2.93 ± 0.08 cm s −2 , and [Fe/H] = 0.05±0.05. Although the T eff is about 100 K higher than that we obtained, the mass for the star reasonably agrees with our estimate.
We collected a total of 51 radial velocity data of 18 Del between 2002 August and 2007 June, with a typical S/N of 200 pix −1 for an exposure time of about 900 s. The observed radial velocities are shown in Figure 3 and are listed in Table 2 together with their estimated uncertainties, which were derived from an ensemble of velocities from each of ∼200 spectral regions (each 4-5Å long) in every exposure. The sinusoidal variability in the radial velocities is visible to the eye and it can be well fitted by a Keplerian orbit with a period P = 993.3 ± 3.2 days, a velocity semiamplitude K 1 = 119.4 ± 1.3 m s −1 , and an eccentricity e = 0.08 ± 0.01. The resulting model is shown in Figure 3 overplotted on the velocities, and its parameters are listed in Table 3 . The uncertainty of each parameter was estimated using a Monte Carlo approach. We generated 100 fake datasets by adding random Gaussian noise corresponding to velocity measurement errors to the observed radial velocities in each set, then found the best-fit Keplerian parameters for each, and examined the distribution of each of the parameters. The rms scatter of the residuals to the Keplerian fit is 15.4 m s −1 , which is comparable to the scatters of giants with the same B − V as 18 Del in our sample . Adopting a stellar mass of 2.3 M ⊙ , we obtain a minimum mass for the companion m 2 sin i = 10.3 M J and a semimajor axis a = 2.6 AU. The companion has the longest orbital period ever discovered around evolved stars.
We found that the residuals showed a decreasing trend with a slope of about −4 m s −1 yr −1 , suggesting the existence of an outer companion ( Figure 4 ). Keplerian orbital fit including a linear trend slightly improves the quality of fit, decreasing the rms scatter from 15.4 m s −1 to 13.6 m s −1 and the reduced χ 2 from χ 2 notrend = 6.3 to χ 2 trend = 5.0. To assess the significance of this trend, we evaluated a false-alarm probability (F AP ), the probability that noise mimics the observed trend, by using a bootstrap analysis which is the same as adopted in Wright et al. (2007) . We scrambled the residuals in a random manner while keeping fixed the observation time, and created a mock set of radial velocities by adding the residuals back to the best-fit Keplerian radial velocity curve. We created 100 such mock data sets, and obtained
notrend for each set. Eight of the 100 data sets showed ∆χ 2 less than that for the original data set, which means the F AP is 8%. Considering the F AP , we can not say that the observed trend is significant at this stage. Taylor (1999) within the error. Gray and Brown (2001) obtained T eff = 4670 K for the star based on line-depth-ratio analysis, which is ∼ 100 K lower than our estimate (4780 K). Uncertainties in the mass and the radius are considered to be similar to those for 18 Del (see Note of Table 1 ).
We collected a total of 26 radial velocity data of ξ Aql between 2004 April and 2007 June, with a typical S/N of 200 pix −1 for an exposure time of about 300 s. The observed radial velocities are shown in Figure 5 and are listed in Table 4 together with their estimated uncertainties. Lomb-Scargle periodogram (Scargle 1982) of the data exhibits a dominant peak at a period of 137 days. To assess the significance of this periodicity, we estimated F AP , using a bootstrap randomization method in which the observed radial velocities were randomly redistributed, keeping fixed the observation time. We generated 10 5 fake datasets in this way, and applied the same periodogram analysis to them. Only 2 fake datasets exhibited a periodogram power higher than the observed dataset. Therefore, the F AP is 2 × 10 −5 . The observed radial velocities can be well fitted by a circular orbit with a period P = 136.75 ± 0.25 days and a velocity semiamplitude K 1 = 65.4 ± 1.7 m s −1 . The resulting model is shown in Figure 5 , and its parameters are listed in Table 3 . The uncertainty of each parameter was estimated using a Monte Carlo approach as described in Section 3.1. The rms scatter of the residuals to the Keplerian fit was 22.3 m s −1 , which is slightly larger than the typical scatter of giants with B − V ≃ 1.0 in our sample . Adopting a stellar mass of 2.2 M ⊙ , we obtain a minimum mass for the companion of m 2 sin i = 2.8M J and a semimajor axis of a = 0.68 AU. The companion has the shortest orbital period ever discovered among evolved stars. Hipparcos made a total of 107 observations of the star, revealing a photometric stability down to σ = 0.006 mag. Ca II H K lines of the star show no significant emission in the line cores, suggesting that the star is chromospherically inactive (Figure 1) . The atmospheric parameters, Fe abundance, and other fundamental parameters of the star are listed in Table 1 . Mishenina et al. (2006) obtained T eff = 4789 K (from line-depth-ratio analysis), log g = 2.3 cm s −2 , v t = 1.3 km s −1 , and [Fe/H] = −0.23 for the star. While the [Fe/H] is ∼ 0.1 dex higher than our estimate, other parameters reasonably agree with those we obtained. Although uncertainties in the mass and the radius are considered to be similar to those for 18 Del, systematic error up to ∼ 0.5M ⊙ could exist depending on adopted stellar evolutionary models (see Note of Table  1) .
We collected a total of 81 radial velocity data of HD 81688 between 2003 March and 2007 April, with a typical S/N of 200 pix −1 for an exposure time of about 900 s. The observed radial velocities are shown in Figure 6 and are listed in Table 5 together with their estimated uncertainties. Lomb-Scargle periodogram (Scargle 1982) of the data exhibits a dominant peak at a period of 182 days with a F AP < 1 × 10 −5 , which was estimated by the same method as described in Section 3.1. The observed radial velocities can be well fitted by a circular orbit with a period P = 184.02 ± 0.18 days and a velocity semiamplitude K 1 = 58.58 ± 0.97 m s −1 . The resulting model is shown in Figure 6 , and its parameters are listed in Table 3 . The uncertainty of each parameter was estimated using a Monte Carlo approach as described in Section 3.1. Adopting a stellar mass of 2.1 M ⊙ , we obtain a minimum mass for the companion of m 2 sin i = 2.7 M J and a semimajor axis of a = 0.81 AU.
The residuals to the Keplerian fit exhibit non-random variations in some periods of time, which may be due to stellar activity or additional companions. We performed periodogram analysis (Scargle 1982) to the residuals and found peaks at periods around 13, 25, and 55 days. However, the F AP 's for the peaks are larger than 0.5, which is not considered to be significant at this stage (some of them my be affected by aliasing). More dense sampling of data will help discriminate if the periods are real or not.
HD 104985
HD 104985 (HR 4609, HIP 58952) is the first planet-harboring star discovered from our survey . It is classified in the Hipparcos catalog (ESA 1997) as a G9 III giant star with a V magnitude V = 5.78, a color index B − V = 1.029, and a parallax π = 9.80 ± 0.52 mas, corresponding to a distance of 102.0±5.4 pc and an absolute magnitude M V = 0.74.
The atmospheric parameters of the star were updated by Takeda et al. (2005) from those listed in the discovery paper by Sato et al. (2003) to: T eff = 4877 K, logg = 2.85 (cm s The observed radial velocities are shown in Figure 7 and are listed in Table 6 together with their estimated uncertainties. Based on the extended data set, we updated the orbital parameters of the planet: P = 199.505 ± 0.085 days, K 1 = 166.8 ± 1.3 m s −1 , and e = 0.090 ± 0.009. The resulting Keplerian model is shown in Figure 6 , and the parameters are listed in Table 3 . Adopting a stellar mass of 2.3M ⊙ , we obtain a minimum mass for the companion of m 2 sin i = 8.3M J and a semimajor axis of a = 0.95 AU. We can not find any additional periodic signals or long-term trend in their radial velocities for now.
Line Shape Analysis
To investigate other causes producing apparent radial velocity variations such as pulsation and rotational modulation rather than orbital motion, spectral line shape analysis was performed with use of high resolution stellar templates followed by the technique of Sato et al. (2007) . In our technique, we extract a high resolution iodine-free stellar template from several stellar spectra contaminated by iodine lines (Sato et al. 2002) . Basic procedure of the technique is as follows; first, we model observed star+I 2 spectrum in a standard manner but using the initial guess of the intrinsic stellar template spectrum. Next we take the difference between the observed star+I 2 spectrum and the modeled one. Since the difference is mainly considered to be due to an imperfection of the initial guess of the stellar template spectrum, we revise the initial guess taking account of the difference and model the observed star+I 2 spectrum using the revised guess of the template. We repeat this process until we obtain sufficient agreement between observed and modeled spectrum. We take average of thus obtained stellar templates from several observed star+I 2 spectra to increase S/N ratio of the template. Details of this technique are described in Sato et al. (2002) .
For spectral line shape analysis, we extracted two stellar templates from several star+I 2 spectra at the peak and valley phases of observed radial velocities for each star. Then, cross correlation profiles of the two templates were calculated for 30-50 spectral segments (4-5Å width each) in which severely blended lines or broad lines were not included. Three bisector quantities were calculated for the cross correlation profile of each segment: the velocity span (BVS), which is the velocity difference between two flux levels of the bisector; the velocity curvature (BVC), which is the difference of the velocity span of the upper half and lower half of the bisector; and the velocity displacement (BVD), which is the average of the bisector at three different flux levels. We used flux levels of 25%, 50%, and 75% of the cross correlation profile to calculate the above quantities. Resulting bisector quantities for 18 Del, ξ Aql, HD 81688, and HD 104985 are listed in Table 7 . As expected from the planetary hypothesis, both of the BVS and the BVC are identical to zero, which means that the cross correlation profiles are symmetric, and the average BVD is consistent with the velocity difference between the two templates at the peak and valley phases of observed radial velocities (≃ 2K 1 ). The BVS for HD 104985 is slightly large compared to those for other stars, suggesting the higher intrinsic variability for HD 104985. It may be consistent with the large rms scatters of the residuals to the Keplerian fit (σ = 26.6 m s −1 ) for the star. However, the BVS value is only one thirtieth of the BVD and thus it is unlikely that the observed radial velocity variations are produced by the intrinsic activity such as pulsation or rotational modulation. Based on these results, we conclude that the radial velocity variability observed in these 4 stars are best explained by orbital motion.
Discussion
We discovered a total of 6 substellar companions around G and K giants so far from our Okayama Planet Search Program Liu et al. 2007 ; this work). The host stars are located at the clump region on the HR diagram and their masses are estimated to 2.1-2.7 M ⊙ . When we include 6 more planets discovered around possible clump giants by other teams (Table 8) , the mass of the host stars ranges from 1.7 to 3.9 M ⊙ . These discoveries definitely indicate that planets can form around intermediate-mass stars, such as B-A dwarfs, as well as around low-mass ones. The extended sample enables us to clarify the properties of the planets around intermediate-mass clump giants; the planets have minimum masses of 2.3-19.8M J , semimajor axes of 0.68-2.6 AU, and eccentricities of 0-0.4. In Figure 8 , we plotted the minimum mass against the semimajor axis. Since intrinsic variability in radial velocity of clump giants is typically 10-20 m s −1 , it is normally difficult to detect planets with < ∼ 2M J at ≃1 AU around a 2M ⊙ star, which can produce radial velocity semiamplitude of 40 m s −1 at most. Such lower-mass planets can be detected around stars with small intrinsic variability (<10 m s −1 ) like subgiants (Johnson et al. 2007b) . While the largest semimajor axis of 2.6 AU is limited by the time baseline of the current surveys, the lack of short-period planets with a < ∼ 0.7 AU appears to be real at least for relatively massive planets because stellar radius of clump giants is typically 10-20R ⊙ , which correspond to 0.05-0.1 AU, and thus we should be able to find planets with 0.1 < ∼ a < ∼ 0.7 AU if they exist. In Figure 9 , we plotted the eccentricity against the semimajor axis together with lines expressing different periastron distances (q = a(1 − e)). From the view point of orbital evolution of planets, periastron distance is more essential rather than semimajor axis because tidal interaction between a planet and a central star strongly depends on distance between them. As shown in the figure, all the companions around clump giants have q ≥ 0.68 AU, while those around intermediate-mass subgiants (1.6-1.9M ⊙ ) and low-mass K giants (< 1.6M ⊙ ) have q ≥ 0.69 AU and ≥ 0.33 AU, respectively. Since a lot of planets with q ≤0.3 AU have been found around solar-type dwarfs (open circles), the lack of inner planets around low-mass K giants can be due to engulfment by the central stars.
We here examined whether the lack of short-period planets around clump giants could be reproduced by evolutionary effect of the central stars based on available stellar evolutionary models. If the clump giants are post-RGB (core helium burning) stars, short-period planets around them might have been engulfed by the central stars at the tip of RGB due to tidal torque from the expanding stellar surface. We numerically traced tidal evolution of a planetary orbit (ȧ tide ) based on equations from Zahn (1989) and stellar evolutionary tracks from Lejeune & Schaerer (2001) (LS01) and Claret (2004 Claret ( ,2006 Claret ( ,2007 . We assumed a circular orbit but the result can be applied to the case of an eccentric orbit by replacing the semimajor axis with periastron distance. We also took account of orbital evolution due to mass loss asȧ loss =Ṁ * a/M * , where M * is a mass of the central star. Mass loss of the central star makes planets move outward because of their weakened gravitational pull on the planets (e.g., Sackmann et al. 1993; Duncan & Lissauer 1998) . Thus, net change of orbital radius of a planet is expressed asȧ =ȧ tide +ȧ loss . We finally found out, however, that orbital change due to mass loss is negligible in RGB phase for planets around 2-3 M ⊙ stars because the mass loss of those stars in RGB phase is negligible based on the adopted evolutionary tracks. It excludes the scenario that inner planets were pushed out to 0.7 AU resulting in the lack of planets within the radius. The mass loss may be important in the case of lower-mass stars (Silvotti et al. 2007) . From the orbital calculations, we found out that Jupiter-mass planets within about 3-4 R * (radius of a central star) can be engulfed by the central stars due to the tidal torque during RGB phase. Our results predict that, around 2-3 M ⊙ stars, only planets within 0.2 AU are engulfed by the central stars at the bottom of RGB (R * < ∼ 10R ⊙ ), but those within about 0.5 AU can be done at the tip of RGB (R * ≃ 25 − 40R ⊙ ). The critical orbital radius at the tip of RGB for 2M ⊙ can be larger than 1 AU in the cases of Z = 0.04 for LS01 and Z = 0.019 and 0.04 for Claret's tracks. When we assume that most of the clump giants are post-RGB stars, it might be natural that we could not find short-period planets around them even if they had originally existed. Typically small orbital eccentricities (e = 0 − 0.4) of the planets discovered around clump giants compared to those around dwarfs may favor this scenario, in which the planetary orbits could be tidally circularized during RGB phase.
There can be another possibility, however, that short-period planets are primordially rare around intermediate-mass stars. Lack of short-period planets around less evolved subgiants with 1.6-1.9M ⊙ (Figure 9 ; Johnson et al. 2007b) , which are considered to be first ascent on RGB, may favor this scenario. Such dependence of orbital distribution of planets on host star's mass is predicted by Burkert & Ida (2007) . They pointed out that in observed data for F-K dwarfs, there may be a paucity of planets in a =0.1-0.6 AU around ≥ 1.2M ⊙ stars (F dwarfs) while the semimajor axis distribution is more uniform around G and K dwarfs. They showed that the gap could be produced by shorter viscous diffusion timescale of disks possibly due to smaller disk size for more massive stars, which can limit the efficiency of type II migration of giant planets and keep planets residing close to initial formation locations beyond snow lines at several AU. The lack of inner planets around subgiants with 1.6-1.9M ⊙ might be consistent with this prediction. It is not clear whether this is also the case for more massive stars with ≥ 2M ⊙ . Around such stars, due to distant snow line (>10 AU) and averagely large disk mass, the main region for giant planet formation could be closer to the central stars compared to around low-mass stars. On the other hand, Kennedy and Kenyon (2007) recently showed that the snow line distance changes weakly with stellar mass if they take account of disk and premain-sequence evolution. More detailed theoretical modeling is required for planet formation around stars with ≥ 2M ⊙ .
In order to further investigate formation and evolution of planetary systems around massive stars via evolved giants, it is important to derive their accurate mass and evolutionary status. It is normally difficult, however, because stars with different mass and evolutionary status can occupy similar position in the giant branch on the HR diagram. To overcome this difficulty, asteroseismology will be a powerful tool, which can probe stellar interior by using tiny stellar oscillations. Such oscillations were actually detected in some G and K giants (e.g., Frandsen et al. 2002; Hatzes & Zechmeister 2007; Ando et al. 2007) . Applying this technique to the planet-harboring evolved stars is highly encouraged. Fig. 1 . Spectra in the region of Ca H lines. ξ Aql, HD 81688, and HD 104985 show no significant emissions in line cores. 18 Del shows slight core reversal but it is not significant compared to that in HD 120048, a chromospheric active star in our sample, which exhibits velocity scatter of about 30 m s −1 at most. A vertical offset of about 0.7 is added to each spectrum. those given for T eff , log g, and v t , are nothing but the internal statistical errors (for a given data set of Fe i and
Fe ii line equivalent widths) evaluated by the procedure described in subsection 5.2 of Takeda et al. (2002) .
Actually, since these parameter values are sensitive to slight changes in the equivalent widths as well as to the adopted set of lines, realistic ambiguities may be by a factor of ∼ 2-3 larger than these estimates from a conservative point of view (e.g., 50-100 K in T eff , 0.1-0.2 dex in log g). It is normally difficult to precisely determine mass of clump giants and also set reliable error bars on it because stellar evolutionary tracks with various mass, metallicity and evolutionary status occupy similar position near the clump region on the HR diagram. Corresponding to the above uncertainties in the parameters of these stars assumed as ∆T eff ∼ 100 K, ∆[Fe/H] ∼ 0.1 dex, and ∆L/L ⊙ ∼ 5-10% (mostly due to Hipparcos parallax errors), errors for the mass and radius of these stars are estimated to be ∆M ∼ 0.2-0.3 M ⊙ and ∆R/R ⊙ ∼ 5-10%. Moreover, we should keep in mind that the resulting mass value may appreciably depend on the chosen set of theoretical evolutionary tracks (e.g., the systematic difference as large as ∼ 0.5M ⊙ for the case of metal-poor tracks between Lejeune & Schaerer (2001) and Girardi et al. (2000) .; cf. footnote 3). Further comprehensive discussion of stellar parameters of late-G and early-K giants and their ambiguities, based on a larger number (∼ 320) of sample stars, will be presented in a forthcoming paper (Takeda et al. in preparation) . 
